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Background and Objectives: Small dense low density lipoproteins (sd-LDL) are a risk factor for coronary artery disease and are known 
to stimulate platelet function in vitro. This study aimed to evaluate whether high proportion of sd-LDL is associated with high on-treat- 
ment platelet reactivity (HOPR). 

Subjects and Methods: From January 2009 to March 2010, 439 subjects (mean age: 64.3±9.7, Male : Female=306 : 133) were enrolled 
from the low density LIPOProtein-cholesterol Size measurement Registry with coronary artery disease, who had undergone elective per- 
cutaneous coronary intervention and measured both LDL particle size and on-treatment platelet reactivity (OPR). Mean LDL particle size 
was measured by gradient gel electrophoresis (Quantimetrix, Lipoprint™) and OPR by the VerifyNow™ system (aspirin and P2Y12). 
Results: Between pattern A (large, buoyant LDL dominant) and B (sd-LDL dominant) population, there were no significant difference in 
OPR to aspirin (441.3+71.9 vs. 434.07±63.45 aspirin reaction units, p=0.35l) or clopidogrel (237.9+87.3 vs. 244.9+80.7 P2Y12 reaction 
units, p=0.465). There was no difference in LDL particle size between patients with HOPR compared with non-HOPR patients (aspirin: 
26.8±0.5 vs. 26.7±0.6 nm, p=0.078, clopidogrel: 26.7±0.6 vs. 26.8±0.5 nm, p=0.857). Pearson's correlation coefficients between LDL par- 
ticle size and platelet reactivity were not statistically significant (aspirin assay: r=0.080, p=0.098, P2Y12 assay: r=-0.027, p=0.568). 
Conclusion: There was no significant association between LDL particle size and OPR in patients with coronary artery disease. (Korean 
Circ J 2012;42:551-557) 
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Introduction 

High on-treatment platelet reactivity (HOPR) to antiplatelet 
therapy has been shown to be associated with atherothrombotic 
cardiovascular complications after percutaneous coronary inter- 
vention (PCI). 1 " 31 Small dense low density lipoproteins (sd-LDL) have 



become recognized as a potential risk factor of coronary and non- 
coronary forms of atherosclerosis. 471 They penetrate the arterial wall 
more easily and have high binding affinity to arterial proteoglycan, 
resulting in subendothelial accumulation in the early stage of ath- 
erogenesis 8 ' 9 ' Furthermore, sd-LDL particles may enhance throm- 
boxane synthesis and promote platelet aggregation. 101 If sd-LDL is 
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associated with HOPR in patients, this may suggest therapeutic im- 
plication of a more intensive treatment of dyslipidemia. Thus, we 
aimed to examine the possible relationship between LDL particle 
size and on-treatment platelet reactivity (OPR) in patients receiv- 
ing antiplatelet therapy. 

Subjects and Methods 
Subjects 

The LOw density LIPOprotein-cholesterol Particle Size measure- 
ment study was a prospective registry that included patients with 
coronary artery disease who had undergone a lipid profile analysis 
and measurement of LDL particle size at Seoul National University 
and Bundang Hospital. The inclusion criteria for the present analy- 
sis were patients who had undergone PCI and received dual anti- 
platelet therapy with aspirin and clopidogrel. From January 2009 
through March 2010, a total of 434 consecutive patients were en- 
rolled and all patients underwent platelet function testing. Patients 
with the following conditions were excluded from the study: on long- 
term (more than 2 weeks) statin therapy before lipid particle size 
measurement, with chronic renal failure, had severe hepatic failure, 
or had a cancer malignancy. 

The diagnosis of diabetes mellitus was based on a history of treat- 
ment with either oral anti-diabetic agents or insulin or HbAlc >6.5%. 
Hypertension was defined as a history of treatment with anti-hy- 
pertensive agents or systolic blood pressure >1 40 mm Hg or diastolic 
blood pressure >90 mm Hg. Body mass index was calculated as 
weight (kg)/height 2 (m 2 ). 

Lipoprotein and low density lipoprotein particle size 
measurement 

Fasting blood samples were obtained by venipuncture on the day 
of the PCI. Serum was separated by centrifugation and biochemical 
measurements were conducted immediately. Serum glucose, total 
cholesterol (TC), low density lipoprotein-cholesterol (LDL-C), high 
density lipoprotein-cholesterol (HDL-C), and triglyceride were mea- 
sured enzymatically using the Hitachi 747 chemical analyzer (Hita- 
chi, Tokyo, Japan). 

Low density lipoprotein particle size was determined using a gel 
electrophoresis (Lipoprint™ System; Quantimetrix Corp., Redondo Be- 
ach, CA, USA) according to the manufacturer's instructions. 111 This 
method estimates LDL particle size by comparing their electropho- 
retic mobility using very low density lipoprotein as the starting point 
{Retention factor (R f )=0} and HDL-as the end point (Rf=l). Because 
the Rf value obtained by this method correlated well with the peak 
LDL size obtained by ultracentrifugation, 121 LDL peak particle sizes 
(PPS) could be derived from the work of Kazumi et al. 13) {PPS=(1.429- 
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R f )x25} and the PPS values of the LDL-1 to LDL-7 bands were 27.7, 
26.1,24.5, 23.0,21.8, 20.7 and 18.7 nm, respectively. 141 The mean LDL 
particle diameter (in nm) was expressed as the weighted average 
of the PPS of all LDL subfractions as follows: X(LDLi/XLDLi)xsizei. 
LDL; was the area of the LDL bands relative to LDL-C and size, was 
the PPS of the LDL band. We categorized patients into pattern A 
(large, buoyant LDL dominant) and pattern B (small, dense LDL do- 
minant) by mean LDL particle diameter and cutoff value was defined 
as the smallest quartile (26.5 nm). 151 Mean particle diameter over 26.5 
nm was defined as pattern A and diameter of <26.5 nm was defin- 
ed as pattern B. The sd-LDL fraction (°/o) was measured as proportion 
of sd-LDL (sum of subtypes LDL3-LDL7) to the sum of LDL1-LDL7. 

Platelet function test 

The magnitude of OPR was quantified using the VerifyNow™ sys- 
tem (Accumetrics, Inc., San Diego, CA, USA). The VerifyNow™ system 
is a whole blood cartridge-based method to determine the magni- 
tude of platelet agglutination induced by either arachidonic acid in 
the aspirin assay and adenosine diphosphate (ADP) and prosta- 
glandin E, in P2Y12 assay. 161 Platelet reactivity was reported as aspi- 
rin reaction units (ARU) and P2Y12 reaction units (PRU) and higher 
reaction unit reflected higher OPR. HOPR was defined as OPR great- 
er than 454 ARU 21 or 264 PRU 171 according to previous studies. OPR 
was measured on the morning after drug administration in chronic 
users and 12-24 hours after loading dose (300 mg for aspirin, and 
300-600 mg of clopidogrel) for naive patients. 

Statistical analysis 

Continuous variables were presented as either mean±SDs or me- 
dian with interquartile ranges and categorical variables as numbers 
and percentages. A comparison of continuous variables was per- 
formed using the Student's t-test or in case of non-normal distribu- 
tion, Mann-Whitney U test when appropriate. Categorical variables 
were compared using chi-square test or Fisher's test when appro- 
priate. Pearson's correlation coefficient was used to assess associa- 
tion between LDL particle size and OPR. Univariate and multivariate 
logistic regression analyses were performed to adjust for possible 
confounding effects of clinical characteristics and laboratory find- 
ings on the occurrence of HOPR. 

Statistical Package for the Social Sciences Statistics (IBM Corpor- 
ation, NY, USA) version 19.0 was used for all statistical analyses and 
p<0.05 was considered statistically significant. 

Results 

Population characteristics 

The clinical characteristics of the 434 patients included in the an- 
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Table 1. Baseline clinical characteristics 





Overall (n=434) 


Pattern A (n=327) 


Pattern B (n=107) 


P 


Age, years 


64.3±9.7 


64.5±9.5 


63.7±10.4 


0.475 


Male, n (°/o) 


306 (70.5) 


233 (71.3) 


73 (68.2) 


0.544 


BMI (kg/m 2 ) 


25.7±9.2 


25.7±10.5 


25.7±2.6 


0.993 


Acute coronary syndrome (°/o) 


218(50.2) 


169 (51.7) 


49 (45.8) 


0.317 


Hypertension (°/o) 


286 (65.9) 


212(64.8) 


74 (69.2) 


0.481 


Diabetes mellitus (°/o) 


1 50 (34.6) 


94 (28.7) 


34(31.8) 


0.244 


Current smoker (°/o) 


90 (22.3) 


66 (21.8) 


24 (24.0) 


0.768 


Serum creatinine (mg/dL) 


1.13±0.47 


1.1 3 ±0.49 


1.11 ±0.40 


0.747 


Hemoglobin (g/dL) 


13.35±1.72 


13.36±1.74 


13.33±1.68 


0.889 


HbA1c(°/o) 


6.78±1.27 


6.71 + 1.16 


6.97±1.53 


0.196 


CRP (mg/dL) 


0.62±2.14 


0.48±1.00 


0.65±1.50 


0.199 


Medication use before admission (°/o) 


Aspirin 


283 (65.2) 


212(64.8) 


71 (66.4) 


0.816 


Clopidogrel 


184 (42.4) 


139 (42.5) 


45 (42.1) 


1.000 


Statin 


189 (43.5) 


1 53 (46.8) 


36 (33.6) 


0.019 


Total cholesterol (mg/dL) 


151.80±36.20 


146.13±34.71 


169.10±35.31 


<0.001 


Triglyceride (mg/dL) 


140.08±76.81 


142.47±77.72 


132.36±73.68 


0.279 


LDL-C (mg/dL) 


91.38±33.37 


92.42±32.48 


88.03±36.08 


0.280 


HDL-C (mg/dL) 


34.57±9.68 


35.69± 10.06 


31.15±7.47 


<0.001 


Mean LDL particle size (nm) 


26.74±0.56 


26.98±0.25 


26.00±0.61 


<0.001 


Sd-LDL fraction (°/o) 


10.87±13.36 


4.89±4.95 


29. 15± 14.37 


<0.001 


ARU 


439.5±69.9 


441.3±71.9 


434.1 ±63.5 


0.351 


HAPR (o/o) 


147 (34) 


117(36.0) 


30 (28.0) 


0.158 


PRU 


239.7±85.7 


237.9±87.3 


244.9±80.7 


0.465 


HCPR (o/o) 


181 (41.7) 


137 (41.9) 


181 (41.7) 


0.911 



Data are median±SD or number (°/o). BMI: body mass index, CRP: c-reactive protein, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipopro- 
tein-cholesterol, ARU: aspirin reaction units, HAPR: high on-aspirin platelet reactivity, PRU: P2Y12 reaction units, HCPR: high on-clopidogrel platelet reactivity, 
Sd-LDL: small dense low density lipoprotein-cholesterol 




alysis were shown in Table 1 according to the pattern of LDL parti- 
cle size. The mean LDL particle size of the patients was 26.74±0.56 
nm (median 26.8 nm, inter-quartile range 26.5-27.1 nm) included in 
this study. Patients with pattern B were less likely to have been tr- 
eated with statins before admission {153 (46.8%) vs. 36 (33.6%), 
p=0.019}, leading to higher TC (146.13±34.71 vs. 169.10±35.31 mg/ 
dL, p<0.001) and lower HDL (35.69±10.06 vs. 31.15±7.47 mg/dL, 
P<0.001) in these patients. 

Otherwise, there were no significant differences in clinical char- 
acteristics between pattern A and B. In addition, the mean ARU and 
PRU as well as the frequency of high on-aspirin platelet reactivity 
(HAPR, ARU>454) and high on-clopidogrel platelet reactivity (HCPR, 
PRU>264) were not different between the 2 groups. Statin medi- 
cation before admission was the only significant predictor of pattern 
B on univariate and multivariate analyses. 



Relationship between mean low density lipoprotein particle 
size and platelet reactivity 

There was no significant correlation between mean LDL particle 
size and ARU level (r=0.080, p=0.098). Similarly, PRU levels were not 
correlated with mean LDL particle size (r=-0.027, p=0.568) (Fig. 1). 
Also in non-acute coronary syndrome (ACS) patients, there were 
no significant correlations among mean LDL particle size and ARU 
(r=-0.015, p=0.826) or PRU (r=-0.125, p=0.076) levels. 

Clinical characteristics of patients with high on-aspirin 
platelet reactivity 

Next, patients were grouped according to whether they had HAPR 
or HCPR. A total of 148 patients was identified as having HAPR (Ta- 
ble 2). Compared with the non-HAPR group, those in the HAPR gr- 
oup were older (63.5+9.3 vs. 65.8±10.5 years, p=0.023), had lower 
hemoglobin (13.60+1.73 vs. 12.92±1.63 mg/dL, p<0.00l), slightly 
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Fig. 1. Scatter diagram of the association between mean LDL particle size and on-treatment platelet reactivity. Both on-aspirin platelet reactivity (A) and 
on-clopidogrel platelet reactivity (B) did not show significant correlations with mean LDL particle size. LDL: low density lipoprotein, ARU: aspirin reaction 
units, PRU: P2Y12 reaction units. 



Table 2. Comparison between HAPR and non-HAPR patients 





Non-HAPR 


HAPR 






(n=286) 


(n=148) 


n 


Age (years) 


63.5±9.3 


65.8±10.5 


0.023 


Male sex (°/o) 


202 (70.9) 


104 (70.7) 


1.000 


BMI (kg/m 2 ) 


26.27±11.23 


24.72±3.30 


0.112 


Acute coronary 
syndrome (°/o) 


133 (46.7) 


83 (56.5) 


0.067 


Hypertension (°/o) 


184 (64.6) 


100 (68.0) 


0.521 


Diabetes mellitus (°/o) 


91 (31.9) 


59 (40.1) 


0.109 


Current smoker (°/o) 


56 (21.7) 


34 (23.8) 


0.834 


Aspirin medication 
before admission (°/o) 


195 (68.1) 


87 (59.2) 


0.071 


Serum creatinine (mg/dL) 


1.09±0.30 


1.20±0.68 


0.065 


Hemoglobin (g/dL) 


13.60±1.73 


12.92±1.63 


<0.001 


Total cholesterol (mg/dL) 


152.9±35.6 


150.0±37.4 


0.431 


TQ (mg/dL) 


137.9±76.4 


144.6±78.3 


0.342 


HDL-C (mg/dL) 


34.0±9.0 


35.8±10.8 


0.064 


LDL-C (mg/dL) 


91.7±34.1 


91.0±32.1 


0.835 


Pattern B (%) 


77 (27.0) 


30 (20.4) 


0.158 


Vlean LDL particle 
diameter (nm) 


26.7±0.6 


26.8±0.5 


0.078 


Sd-LDL fraction (%) 


11.4+0.1 


10.0±0.1 


0.285 



Data are median±SD or number (°/o). HAPR: high on-Aspirin platelet reac- 
tivity, BMI: body mass index, TG: triglyceride, HDL-C: high density lipopro- 
tein-cholesterol, LDL-C: low density lipoprotein-cholesterol, Sd-LDL: small 
dense low density lipoprotein-cholesterol 



higher serum creatinine (1.09±0.30 vs. 1.20±0.68 mg/dL, p=0.065) 
and HbAlc (6.67±1.12 vs. 7.00± 1 .50%, p=0.065). The differences 
in mean LDL particle diameter between the 2 groups were not sta- 
tistically significant (26.70+0.57 vs. 26.80±0.55 nm in non-HAPR 
vs. HAPR group, p=0.078). Even after adjustment for various dif- 
ferences, low serum hemoglobin {odds ratio (OR) 1.808, 95% con- 



Table 3. Predictors of HAPR: multivariate logistic regression analysis 



Predictors 


Odd ratio (95% CI) 


P 


Acute coronary syndrome 


1.295 (0.839-2.000) 


0.243 


Aspirin use before admission 


0.727 (0.462-1.144) 


0.168 


Low hemoglobin (<12 g/dL) 


1.808(1.027-3.184) 


0.040 


Pattern B 


0.722 (0.431-1.209) 


0.216 



The multivariate model was constructed using logistic regression. Input co- 
variates were age, gender, body mass index, diagnosis of acute coronary 
syndrome, hypertension, diabetes mellitus, smoking status, serum creatinine, 
serum hemoglobin, pattern B, medication before admission (aspirin, clopi- 
dogrel, statins). CI: confidence interval, HAPR: high on-Aspirin platelet reac- 
tivity 

fidence interval (CI) 1.027-3.184, p=0.040} was a significant predic- 
tor of HAPR, while pattern B was not (OR 0.722, 95% CI 0.431-1.209, 
p=0.216) (Table 3). 

Clinical characteristics of patients with high on-clopidogrel 
platelet reactivity 

A total of 181 patients were identified as having HCPR (Table 4). 
Patients in the HCPR group were also older (62.87± 10.04 vs. 66.35± 
8.94 years, p<0.00l), more likely to be diabetic (30.4% vs. 40.3%, p= 
0.04), hypertensive (61.7% vs. 71.8%, p=0.03), and less likely to be 
males (80.6% vs. 56.4%, p<0.00l), or smokers (26.8% vs. 16.1%, p< 
0.001). Mean hemoglobin was significantly lower in the HCPR group 
(13.80±1.73 vs. 12.74±1.51 mg/dL, p<0.00l). There were no differ- 
ences in mean LDL particle diameters between the 2 groups (26.7± 
0.6 vs. 26.8±0.5 nm, p=0.857) and on multivariate analysis, pat- 
tern B was not a predictor of HCPR (OR 0.858, 95% CI 0.513-1.435, 
p=0.559). Low serum hemoglobin (OR 2.511, 95% CI 1.403-4.493, 
p=0.002) was a strong predictor of HCPR, while smoking showed a 
mild trend toward being protective against HCPR (OR 0.626, 95% 
CI 0.377-1.038, p=0.070) (Table 5). 
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Table 4. Comparison between HCPR and non-HCPR patients 





Non-HCPR 


HCPR 






(n=253) 


(n=181) 


P 


Age (years) 


62.87±10.04 


66.35+8.94 


<0.001 


Male sex (°/o) 


204 (80.6) 


102 (56.4) 


<0.001 


BMI (kg/m 2 ) 


25.42±8.80 


26.13+9.77 


0.449 


Acute coronary 
syndrome (°/o) 


126 (49.8) 


92 (50.8) 


0.846 


Hypertension (°/o) 


156 (61.7) 


130 (71.8) 


0.031 


Diabetes mellitus (°/o) 


77 (30.4) 


73 (40.3) 


0.040 


Current smoker (°/o) 


63 (26.8) 


27 (16.1) 


<0.001 


Clopidogrel medication 
before admission (°/o) 


105 (41 5l 


79 (43 fil 


0 694 


Serum creatinine (mg/dL) 


1.10±0.34 


1.16+0.61 


0.212 


Hemoglobin (g/dL) 


13.80±1.73 


12.74+1.51 


<0.001 


Total cholesterol (mg/dL) 


158.76133.56 


156.04+39.30 


0.044 


TQ (mg/dL) 


136.54162.13 


145.15+93.92 


0.318 


HDL-C (mg/dL) 


34.0619.43 


35.29+10.00 


0.194 


LDL-C (mg/dL) 


93.70133.60 


88.07+32.88 


0.108 


Pattern B (%) 


63 (24.9) 


44 (24.3) 


0.911 


Mean LDL particle 
diameter (nm) 


26.74+0.59 


26.75+0.52 


0.857 


Sd-LDL fraction (%) 


10.8+0.1 


11.010.1 


0.884 



Data are medianiSD or number (°/o). HCPR: high on-clopidogrel platelet 
reactivity, BMI: body mass index, TG: triglyceride, HDL-C: high density lipo- 
protein-cholesterol, LDL-C: low density lipoprotein-cholesterol, Sd-LDL: 
small dense low density lipoprotein-cholesterol 



Table 5. Predictors of HCPR: multivariate logistic regression analysis 



Predictors 


Odds ratio (95% CI) 


P 


Acute coronary syndrome 


0.892 (0.575-1.385) 


0.611 


Current smoker 


0.626(0.377-1.038) 


0.070 


Clopidogrel use before admission 


1.127 (0.720-1.763) 


0.602 


Low hemoglobin (<12 g/dL) 


2.511 (1.403-4.493) 


0.002 


Pattern B 


0.858 (0.513-1.435) 


0.559 



The multivariate model was constructed using logistic regression. Input co- 
variates were age, gender, body mass index, diagnosis of acute coronary 
syndrome, hypertension, diabetes mellitus, smoking status, serum creatinine, 
serum hemoglobin, pattern B, medication before admission (aspirin, clopido- 
grel, statins). CI: confidence interval, HCPR: high on-clopidogrel platelet reac- 
tivity 

Discussion 

Appropriate antiplatelet response to anti-platelet therapy is im- 
portant in patients with coronary artery disease and inter-individu- 
al differences in response to aspirin and clopidogrel have been pre- 
viously reported. To the best of our knowledge, no previous study 
has addressed the relationship between LDL particle size and OPR. 
Thus, we analyzed whether LDL particle size was associated with 



both response to aspirin and clopidogrel in those with coronary 
artery disease. The major finding of this study was that LDL particle 
size was not significantly associated with OPR and was not an in- 
dependent predictor of HOPR. 

Theoretically, there are various pathways by which sd-LDL could 
possibly stimulate platelet reactivity. It may promote the throm- 
boxane synthesis and further influence platelet aggregation. 10 ' In 
addition, sd-LDL particles are more susceptible to oxidation than 
large LDL 181 and oxidized LDL stimulates platelet function more ef- 
fectively by diminishing nitric oxide (NO) synthase expression, 19120 ' 
blocking CD36 and scavenger receptor A. 2 " Thus, pattern B could be 
expected to enhance OPR. However, in the present study, there was 
no significant association between LDL particle size and platelet 
reactivity in vivo. 

Besides the obvious conclusion that LDL particle size has no ef- 
fect on platelet function, there may be other possible explanations 
for our findings. First, several pathways are involved in platelet func- 
tion homeostasis, including thromboxane, ADP, thrombin, and NO. 
Although sd-LDL could promote thromboxane synthesis, this may 
not be enough to significantly alter platelet reactivity. Second, the 
number of patients analyzed in the study was modest at best, and 
therefore, the number of patients in the present study may not have 
been enough to confirm the small effect of sd-LDL on platelet func- 
tion. Third, since we measured platelet function in patients on dual 
anti-platelet therapy, the effects of sd-LDL on platelet function 
could have been attenuated. We could at least confirm that the ef- 
fect of sd-LDL did not significantly alter response to clopidogrel or 
aspirin. Further studies in a larger patient population who are naive 
for anti-platelet agents using various platelet function assays will 
be required to confirm the true effect of sd-LDL on platelet function. 

In the present analysis, lower serum hemoglobin was a strong 
predictor of both HAPR and HCPR. Previous studies suggested simi- 
lar results. Lee et al. 221 and Cecchi et al. 23) reported that lower hema- 
tocrit was associated with HAPR and HCPR. Decreased erythrocyte 
mass could be associated with a low availability of NO, which inhib- 
its platelet aggregation by increase of intracellular cyclic guano- 
sine monophosphate levels in platelets. 241 Also, erythrocytes were 
able to release ADP, which enhances NO release by platelets. 25 ' 

Cigarette smoking showed a mild trend toward being protective 
against HCPR. Many studies already reported enhanced clopidogrel 
response in smokers, so called "smokers' paradox". We recently re- 
ported that this phenomenon was dependent on cytochrome P45- 
01A2 status, suggesting that the cytochrome P450 system may be 
involved in the mechanism of smokers' paradox 261 

In this study, mean LDL particle size of the patients was 26.74± 
0.56 nm and 25% of patients showed pattern B lipid profile. In the 
study of Kwon et al. 151 of Korean population underwent coronary an- 
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giography, mean LDL size was 26.56 nm and 37.7% of patients were 
pattern B. Compared with other studies, our study showed larger 
mean LDL particle size and less proportion of pattern B patients. 
We presume that more than 40% of patients with statin premedi- 
cation before admission contributed to this better lipid profile. 

This study has several limitations. First, this was a cross-sectional 
analysis, and it is well known that results of platelet function tests 
can change over time. To completely explain the association be- 
tween LDL particle size and platelet reactivity, recurrent measure- 
ment in the same person after treatment intervention of dyslipid- 
emia is needed. Second, the time point of blood sampling was not 
exactly the same for all patients. Blood samples for LDL particle size 
was done at admission, while those for platelet function measure- 
ment were obtained 1 2-24 hours after loading dose of aspirin and 
clopidogrel for naive patients. In addition, about half of the study 
population had ACS. Since it is widely known that serum TC and 
LDL-C levels decrease early after ACS, 271281 LDL particle size also 
could be altered after ACS and that could be a confounding factor. 
So all the multivariate analyses were adjusted for the diagnosis of 
ACS and showed that ACS was not a significant predictor of pat- 
tern B, HAPR, and HCPR. Furthermore, additional analysis for only 
non-ACS population presented a lack of association between LDL 
particle size and OPR. 

Although sd-LDL is emerging as a potential risk factor of athero- 
sclerosis, the atherogenic mechanism of sd-LDL is poorly under- 
stood. Further studies about atherogenic and thrombogenic po- 
tential of sd-LDL may be needed to evaluate clinical implication of 
sd-LDL in patients with coronary artery disease. 

In conclusion, there was no significant association between LDL 
particle size and OPR in patients with coronary artery disease. 
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